Effects of supplemental Bermuda grass hay (BG) or ground corn on intake, digestion and performance of cattle consuming endophyte-infected fescue (I) were studied. In Exp. 1, a Latin square study, five growing Holstein steers (158.1 kg) consumed Iad libitum and were offered 0, .3, .6, .9 or 1.2% body weight (BW) of BG daily. Total dry matter (DM) intake rose linearly (P<.05) with increasing BG, although intake was numerically similar with .6, .9 and 1.2% BW of BG. Digestibility was constant with diet (P>. 10). Six growing Holstein steers used in Exp. 2, a Latin square with a 2 x 3 factorial arrangement of treatments, ingested I or noninfected (NI) fescue hay ad libitum with 0, .5 or 1.0% BW of ground corn. Total DM intake increased linearly as the level of corn rose (P<.05). Total intake with I increased more with the first than with the second addition of corn, and the opposite occurred with NI (interaction between fescue infection and the quadratic effect of corn level, P<. 10). Organic matter digested (g/d) was greater for NI than for I and rose linearly with increasing corn ingestion (P<.05). Ninety-six crossbred beef heifers and steers (184.2 kg avg initial live weight) were used in a 77-d fall grazing experiment (Exp. 3) with a 2 • 3 factorial treatment arrangement. Cattle grazed I or NI paddocks and were given no supplement or .34% BW of BG or .65% BW of ground corn on a daily basis (DM). Animals given corn tended to gain fastest (P<.19); daily gain was similar (P>.20) for I and NI. In conclusion, supplementation of I diets with nontoxic forage lowers fescue intake more than does supplementation with grain, but offering grain elicits a greater increase in digestible OM intake.
Introduction
Fescue infected with the fungus Acremonium coenophialum contains toxins that depress performance of ruminants (Hoveland et al., 1983) . Because infected fescue possesses favorable agronomic characteristics nonexistent in noninfected fescue varieties, management techniques to improve performance of cattle consuming infected fescue should be studied.
Fescue toxicants lower dry matter (DM) intake (Hemken et al., 1979; Jackson et al., 1984; Goetsch et al., 1987b) and elicit stressful physiological conditions that hamper performance in cattle (Bacon et al., 1986 ). Thus, decreasing entry of toxins into the animal and increasing net energy of the diet may improve performance of cattle ingesting infected fescue.
IPublished with the approval of the Director of the Arkansas Agric. Exp. Sta. 2Anim. Sci. Dept. Received May 11, 1987 . Accepted August 18, 1987 Providing animals that are consuming infected fescue access to nontoxic forage decreases fescue intake largely through intake substitution, although small increases in digested organic matter may occur. Dietary grain addition depresses fescue consumption less than does forage supplementation, so that a substantial increase in digestible organic matter intake is realized (Goetsch et al., 1987a) . Therefore, this study was conducted to evaluate intake, digestion and performance when nontoxic forage or grain is offered to cattle that are consuming endophyteinfected fescue ad libitum. Steers were tethered in a partially enclosed barn with free access to water. At trial initiation and on d 14 of each period steers were weighed at 1300. At 0600, steers received BG hay (table  1) at 0, .3, .6, .9 or 1.2% of BW determined at the end of the preceding period. Endophyteinfected fescue (I) hay as described in table 1 was given ad libitum (105 to 110% of consumption previous d) at 1600 to all steers; the steer not receiving BG was offered 50% of the daily hay allotment in the morning. Orts of I were removed, quantitated and discarded before feeding the next morning. Occasionally some BG was refused when feeding the 1.2% BW level; refused BG was removed, weighed and discarded before offering I. After hay was given at 1600, 30 g (air-dry) of a mineral supplement (50% dicalcium phosphate and 50% trace mineralized salt [>92% NaCI, .25% Mn, .2% Fe, .03% S, .003% Cu, .0025% Co, .007% I and .005% Zn, dry matter]) were given. The first 9 d of each period were for adjustment to the diets. Hay samples were collected d 9 to 14. On d 9 at the 1600 meal, 100 g (air-dry) of I labeled (Goetsch and Galyean, 1983) with ytterbium (Yb) were mixed with .45 kg (air-dry) of I to allow estimation of particulate passage rate. Remaining hay was offered after consumption of the marked portion of the meal. Rectal grab samples were obtained at 0800 and 2000 on d 11, 1100 and 2300 on d 12, 1400 and 0200 on d 13 and 1700 and 0500 on d 14.
Materials and Methods

Experiment 1.
Fecal samples were dried at 55 C for 48 h, were allowed to air-equilibrate at room temperature and then were ground through a l-mm screen. Subsamples were taken and combined on a weight basis to form composite samples.
Hay samples were ground through a l-mm screen. Individual fecal samples were dried and combusted; ash was solubilized in acid (Ellis et al., 1982) and analyzed for Yb by atomic absorption spectrophotometry. Particulate passage rate was derived by regressing the natural logarithm of marker concentration vs time postdosing (Grovum and Williams, 1973) . Composite samples of hay and feces were analyzed for DM, ash, Kjeidahl N (AOAC, 1975) , neutral detergent fiber (NDF; Goering and Van Soest, 1970) and acid insoluble ash (AIA; Van Keulen and Young, 1977) . Acid detergent fiber (ADF) and lignin concentrations (ADL; Goering and Van Soest, 1970) in hay samples were determined. In vitro NDF digestibility (IVNDFD; Van Soest et al., 1966) of feeds was determined with ruminal fluid from two ruminally cannulated Hereford cows fed medium quality BG hay for BW maintenance and given free access to trace mineralized salt. Fescue samples were combined for analysis of loline alkaloids (Henson et al., 1987) . The concentration of loline alkaloids is highly correlated with infection of fescue forage by the endophytic fungus (Bush et al., 1982; Boling, 1984) .
Intake the last 5 d of each period was not affected by day of the period (P>. 10), and values were averaged for expression of DM intake and estimation of digestion. Dry matter intake in kilograms was divided by average steer BW within experimental period and multiplied by 100 to express intake as a percentage of BW. Intake of AIA and AIA concentration in feces were used to estimate fecal DM excretion. Nutrient intake, fecal DM output and concentrations of ash, N and NDF in feces were used to determine fecal excretion of organic 73.3 matter (OM), N and NDF and total tract disappearance. Block et al. (1981) found that consideration of ort composition was not necessary so long as orts comprised no more than 10% of offered feed, as was the case in the present experiment. Further, Porter and Sniffen (1985) found no effect of ort analysis on estimates of digestion with a total mixed dairy cow diet. Data were subjected to analysis of variance using the General Linear Models Procedure of SAS (1985) and considering steer, period and diet in the statistical model. The linear and quadratic effects of level of BG offering and simple overall correlations were determined.
Experiment 2. To determine the effects of level of corn supplementation on intake and digestion with I or noninfected (NI) fescue hay, six growing Holstein steers (average initial and final BW of 168.8 and 214.7 kg, respectively) were used in a 6 x 6 Latin square experiment with a 2 x 3 factorial arrangement of treatments and 14-d periods. The experiment took place in Fayetteville, Arkansas, beginning in September and ending in December, 1985. Steers were confined as in Exp. 1. Steers received 0, .5 or 1.0% BW of ground corn, based on BW determined at the end of the preceding period, in equal portions at 0600 and 1600. After consumption of corn, steers were fed I or NI (table 1) ad libitum and then were given a mineral supplement (40 g; same as in Exp. 1).
Most procedures were as in Exp. 1. At trial initiation and on d 14 of each period steers were weighed at 1300. Immediately thereafter blood samples were collected by jugular venipuncture, and serum was obtained by centrifugation and frozen. In addition to particulate passage rate, fluid passage rate was estimated in this experiment. Fifty milliliters of cobalt ethylenediaminetetraacetic acid (CoEDTA; Uden et al., 1980) were poured on the aliquot of hay containing the Yb-labeled portion. Cobalt in feces was assayed by atomic absorption spectrophotometry. Serum was assayed for level of prolactin by a double antibody radioimmunoassay procedure (Henson et al., 1987) . Diet effects were partitioned into those of fescue infection, linear and quadratic effects of level of corn supplementation and interactions between fescue infection and the linear and quadratic effects of corn supplementation level.
Experiment 3. Ninety-six crossbred beef heifers and steers (184.2 kg initial avg live weight) were used in a 77-d experiment with a 2 • 3 factorial arrangement of treatments to investigate the effect of corn or BG supplementation on performance of cattle grazing I or NI paddocks. On September 3, 1986, at the Beef Substation of the University of Arkansas near Newport, animal BW and sex were considered in assigning animals to 12 groups, each consisting of four heifers and four steers. After animals were weighed the following day, groups were placed in 12 1.6-ha paddocks, six I and six NI, with common BG in all paddocks. Animal weight was again determined d 14, 28, 42, 76 and 77 of the experiment. Measures of BW the day before the start of the trial and d 1 were averaged, as were those made d 76 and 77. Immediately after weighing on d 56, blood samples were collected by jugular venipuncture; serum was obtained by centrifugation, frozen and later was assayed for prolactin.
Control animals did not receive supplemental feed; others received BG hay or ground corn. Hay was provided in slight excess of that consumed in a day, whereas the daily level of corn offered was. 875% (air-dry) of the average BW of animals receiving corn at the end of the preceding period. Supplemental feeds were provided in wooden troughs 6 d weekly, at about 0800. Cattle receiving BG or corn all had access to feed. Supplements were sampled throughout the trial; DM content of both feeds was determined, and BG was analyzed for N and NDF (table' 1). All cattle received freechoice access to trace mineralized salt blocks (>96% NaC1, .24% Mn, .22% Fe, .025% Cu, .007% Co, .007% I and .3% Zn, DM).
Clipped forage samples assumed to be similar to consumed forage were taken from pastures at the beginning of each period. Samples were stored frozen and later dried at 55 C, ground through a l-ram screen and analyzed for DM, NDF, N and loline alkaloids.
Average daily gain (ADG; initial subtracted from final BW and divided by 77 d) was analyzed as a split-plot design. Paddock was the main plot and sex was the subplot, because heifers and steers were in all paddocks. The interaction of paddock, fescue infection and supplement was used to test for effects of fescue infection, supplement and their interaction. The fescue infection, supplement, sex and paddock interaction was the error term used to test other sources of variation. Concentrations of N and NDF in clipped forage samples were analyzed considering sampling date, fescue infection and the date-fescue infection interaction in the statistical model. Alkaloids in samples obtained from I paddocks were analyzed with date in the statistical model.
Results and Discussion
Experiment 1. Slightly more N was in BG than in I (table 1) . Neutral detergent fiber comprised about the same proportion of both forages, whereas the concentration of ADL was higher in I than in BG. Hence, relative quality of the warm-season forage BG was higher compared with cool-season forage I. Infected fescue consisted of 203 and 1,364 mg/kg of n-acetyl and n-formyl loline alkaloids, respectively; loline alkaloids were not detected in BG.
Bermuda grass comprised 12.5, 22.0, 31.9 and 39.6% of total intake for BG levels of .3, .6, .9 and 1.2% BW, respectively, similar to proportions in an experiment with 0, .5 or 1.0% BW of BG fed to steers consuming Iad libitum (Goetsch et al., 1987a) . In the present experiment, intake of I, BG and total DM changed linearly (P<.05) as BG supplementation increased (table 2) ; however, total intake was numerically constant from .6 to 1.2% BW of BG. Total DM intake rose .22% BW for each 1.0% BW of BG. In slight contrast, in dairy steers ad libitum-fed an I hay of similar loline alkaloid concentrations (Goetsch et al., 1987a) , total intake remained constant when .5% BW of BG was offered but rose slightly when 1.0% BW of BG was given. The degree to which total intake with .9 and 1.2% BW of BG was greater than without BG is slightly higher in this (9.5%) than in the previous experiment (Goetsch et al., 1987a ) with 1.0% BW of BG (5.3%). Similar to present results, substituting NI for I increased DM intake in growing dairy steers (Goetsch et al., 1987b) , but the magnitude of change was greater than observed here. Characteristics of feed being substituted for I, relative toxicity of the I source and animal nutrient requirements may be responsible for these differences. In the present experiment, decreases in intake of I were 82, 61, 73 and 78% of BG ingestion for .3, .6, .9 and 1.2% BW of BG levels, respectively. Intake of OM, NDF and N increased linearly (P<.05) as BG increased, whereas digestibilities were constant with diet (P>. 10; table 2). Grams of OM (P<. 10) and N (P<.05) digested increased linearly, mainly because of increased BG intake. In terms of elevated ingestion of digestible OM, greatest efficiency of supplementation was with 1.2% BW of BG, with increases being 7.6, 5.9 and 12.5% of BG intake for .6, .9 and 1.2% BW of BG, respectively. No change occurred with .3% BW of supplemental BG. Based on IVNDFD of I (59.9%) and BG (51.8%) and actual NDF intake, predicted NDF digestion was 59.9, 58.9, 58.1, 57.3 and 56.6% for 0, .3, .6, .9 and 1.2% BW of BG, respectively. Because actual NDF digestion did not decline as did predicted digestion, deleterious effects of substances in I on fiber digestion were not evident, in agreement with results from ad libitum (Goetsch et al., 1987a,b) and limited intake (Jones et al., 1987) studies. Assuming little postruminal digestion of NDF and that total tract particulate passage rate mimicked exit rate of NDF from the rumen, ruminal NDF volume was 1,717, 1,735, 1,916, 1,978 and 1,839 g for 0, .3, .6, .9 and 1.2% BW of BG, respectively. Even though NDF in the rumen may not always translate directly to ruminal fill, these results suggest that bulk of digesta in the gut is not the sole regulator of intake with diets high in I. Further, the dietary proportion of NDF was positively related to OM intake (r= .76; P<.01).
Particulate passage rate (table 2) was not affected by BG level or correlated with other measures (P>. 10). Particulate passage rate was similar in magnitude to that in another experiment with BG hay additions to diets of I fed ad libitum (Goetsch et al., 1987a) and in limited amounts (Jones et al., 1987) . In these trials, particulate passage rate rose slightly when BG was added. The same tendencies (P>. 10) were observed in the present experiment, except with BG given at .9% BW.
Experiment 2. Neutral detergent fiber, ADF, ADL, cellulose and hemicellulose all were slightly higher in I than in NI (table 1), but as a percentage of NDF, ADL was similar (5.8 and 5.4% for I and NI, respectively). Nitrogen concentration was a little higher for I than for NI. Loline alkaloid levels in I were similar to those of I in Exp. 1. Total DM intake for diets without corn was 9.3% greater for NI than for I (table 3) , in contrast to a difference of 28% found in a previous study (Goetsch et al., 1987b) in which quality of the I and NI hays was closer than in the present experiment. This contrast between experiments and the fact that grass NDF content relates to ad libitum intake (Van Soest, 1982) suggest that DM intake in the present experiment may not have been markedly affected by fescue toxicants.
Fescue and total DM intake (table 3) were greater for NI than for I and changed linearly with level of corn supplementation (P<.05). Also, an interaction between fescue type and the quadratic effect of corn supplementation level existed (P<. 10). Intake of I declined more with the second addition of corn to the diet (.5 to 1.0% BW) than with the first (0 to .5% BW), but a reverse pattern occurred with NI. The way in which total DM intake changed as corn was added with I differs from that seen with another source of I (Goetsch et al., 1987a) . In that experiment, only a small increase in total DM intake took place when .5% BW was offered, whereas addition of another .5% BW of corn (1.0% BW total) elicited a larger elevation. Because fescue intake with basal diets for both experiments was similar, differences in hay composition, possibly involving less ADL in this than in the previous experiment, or toxicant profile in I, may be involved in the disparity of results.
Organic matter intake was higher for NI than for I and increased linearly with corn supplementation (P<.05; table 3). Total tract OM digestion (%) was similar for both fescues (P>. 10) and increased linearly (P<. 10) as the level of corn, with its highly digestible OM, in the diet rose. Organic matter digested (g/d) was greater (P<.05) for NI than for I and increased linearly with increasing corn supplementation (P<.05). Total tract NDF digestion (%) declined linearly as corn supplementation increased (P<.05), as did ingestion of digested NDF (P<.05). Constancy of digestion with nonsupplemented diets agrees with results of Exp. 1 and implies little direct effect of I toxicants on digestion. In an earlier study (Goetsch et al., 1987a) , total tract NDF digestion was not affected by a .5% BW addition of corn to a basal I diet, whereas a 6-percentage-unit decrease occurred when the corn level was elevated to 1.0% BW. It was suggested that intake of I lower than that of nontoxic forage minimized deleterious effects of supplemented ii ,..< r..)
ii "6 grain on ruminal fiber digestion by facilitating long ruminal residence of digesta. But no interaction in fiber digestion in the present experiment was detected between fescue infection and corn supplementation. Likewise, particulate passage rate was steady with diet (P>. 10) and was not related to digestion measures. Our finding that intake of fescue did not greatly differ between fescues, whereas in other studies it has differed markedly (Hemken et al., 1979; Jackson et al., 1984; Goetsch et al., 1987b) , is unexpected, especially because NDF in NI was higher than in I. Differences in digestive function between diets of I and nontoxic forage appear to be governed by differences in intake. Total tract N disappearance (table 3) was constant with diet, but g/d increased linearly (P<.10) as corn supplementation rose. There was an interaction between fescue infection and the quadratic effect of corn supplementation in fluid passage rate (P<.05; table 3). Fluid passage rate was greatest when .5% BW of corn was given to steers fed I but was lowest at this level with NI. Neither fluid nor particulate passage rate related to measures of digestion, but both were correlated with intake of fescue (fluid: r= .33, P<.05; particulate: r= .31, P< .06), yet not with each other (P>. 10).
Serum prolactin concentration (table 3) was greater (P<.05) for NI than for I but was not altered (P>. 10) by corn supplementation. Substituting NI for different dietary proportions of I in dairy steer diets elevated prolactin linearly (Goetsch et al., 1987b) . Supplementing .5 or 1.0% BW of clover or BG hay to steers consuming a basal I diet increased prolactin; however, providing the same level of corn to steers in another trial did not (Goetsch et al., 1987b) . Present results indicate that a threshold level of toxicants entering the animal exists that markedly lowers prolactin. This may limit usefulness of prolactin as a sensitive indicator of the amount of toxicants ingested or I-induced physiological stress (Goetsch et al., 1987a) . (Hoveland et al., 1983; Hoveland, 1984; Steudemann et al., 1984; Beers, 1986) . Hoveland (1984) concluded that the depression in steer ADG incurred when I is consumed in the fall and winter is at least equal to that in summer with warm weather. However, Hemken et al. (1981) observed that gain of calves fed I was similar to that with orchard grass when the temperature was cool (below 24 C), but was lower with warmer temperature (34 to 35 C). In our experiment, average high and low daily temperatures were 27.4 and 15.9 C d 1 to 42 and 14.7 and 4.4 C d 43 to 77, respectively. Thus, cool temperature may have minimized differences in ADG between fescues differing in infection and may have prevented interactions between fescue infection and supplementation treatment from occurring. Further, dilution of fescue intake because of growing BG in the sward, especially early in the trial, may have been involved. Serum prolactin concentration (table 5) was greater (P<.05) for NI than for I but was not affected by supplementation treatment, in agreement with findings in Exp. 2.
In Exp. 1, providing supplemental BG elicited small increases in digestible OM intake and large decreases in I ingestion. Supplementation with corn in Exp. 2 increased digested OM, and increases with I (.5% BW: 15.3% and 428 g; 1.0% BW: 26.3% and 308 g) were similar to those with NI (.5% BW: 11.0% and 341 g; 1.0% BW: 27.3% and 504 g); however, the degree of change was slightly greater with the first than with the second addition of corn with I, whereas the converse was true with NI. In Exp. 3, evidently the assumed lowering of fescue, and thus of toxicant intake, by offering BG was less than needed to affect performance favorably, and increases in digested OM that may have occurred were not large. Though no interaction between fescue infection and corn supplementation in ADG was noted, a numerically greater increase in performance when corn was supplemented to cattle grazing I compared with NI suggests that fescue intake was lower with I than with NI. The lack of increase in serum prolactin in I steers when corn was given implies that even though corn supplementation produced equal ADG for both fescue types, conditions such as plasma dopamine concentration (Henson et al., 1987) in steers consuming I differed from those grazing NI paddocks.
In conclusion, supplementing cattle consuming I with nontoxic forage increases intake of digested OM, but the increase is less than with grain supplementation, and ingestion of I is depressed more with forage than with grain. Performance of beef cattle grazing fescue paddocks in the fall may be improved by corn supplementation, perhaps to a slightly greater extent with I than with NI. With a corn purchase price of However, BG supplementation should increase the stocking rate needed for constant availability of growing herbage. Because supplemental energy is of less concern in diets of breeding than of growing cattle, substituting nontoxic forage for I for breeding cattle should be studied.
